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Abstract

Volatile compounds from three parts of needles, sprouts and twigs in Pinus densiflora were extracted by
solid phase microextraction (SPME) and dynamic headspace analysis (DHA), separated by gas chromatography,
and identified by using mass selective detector and Kovat’s retention index. The amounts of monoterpenes
isolated by SPME and DHA were 66.7% and 14.3% in needles, 90.6% and 0.7% in sprouts, and 90.6% and 1.2%
in twings, respectively. The amounts of sesquiterpenes detected only by SPME were 25.8% in needles, 4.4%
in twings and 1.5% in sprouts. And the amounts of oxygenated terpenes isolated by SPME and DHA were
47% and 79.0% in sprouts, 3.7% and 70.4% in twigs, and 1.0% and 50.7% in needles, respectively. The kinds of
volatile compounds isolated by SPME were similar to those by solvent extraction, but the number of compounds
identified to have a boiling point below 50°C by DHA was larger than that of SPME.

Key words: volatile compounds, Pinus densiflora, solid phase microextraction (SPME), dynarnic headspace analysis (DHA)
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Fig. 1. Gas chromatograms of headspace volatiles in three
parts of Pinus densiflora by SPME.
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Table 1. Volatile compounds identified from Pinus densiflora by solid phase microextraction

Peak no.l Compound RI Needle Sprout Twig
1 @ ~Pinene"™” 921 0.67 0.66 0.48
2 Camphene® 933 23.81 22.95 =Y
3 B-Pinene’ 962 30.70 6.99 -
4 B-Myrcene” ) 982 0.07 6.47 6.14
5 @ Phellandrene 987 0.40 047 0.12
6 -T erpmen(, 997 6.79 012 0.04
7 L1rnonene : 1013 0.06 51.02
8 y ~Terpinene’ 1045 0.70 0.20 0.09
9 TerpinoleneP 1073 - 2.40 0.73

10 (-)~Thujone” 1090 - 0.01 -

11 l—l\/lethy‘l—ll—(l—methylel;hyl)—2—cyclohexen—1—01'r 1106 - 0.01 -

12 Borneol' . 1154 - 0.02 0.01
13 4—Methy1—1—(1—methylethyl)—3—cyclohexer1—1—ol1 1165 - 0.04 0.04
14 Terpineol” 1181 - 0.02 0.01
15 4-(1,1 Dlmethvlethyl) benzenemethanol " 1227 0.06 1.10 0.32
16 Bornyl acetate 1275 0.93 354 3.33
17 o Cubebene 1336 0.09 0.07 0.17
18 Copaene” ) 1361 0.07 0.17 0.44
19 Longifolene’ 1385 0.96 0.08 1.49
20 B-Caryophyllene” 1401 455 0.20 027
21 Unknown 1411 0.15 0.01 0.04
22 o ~Humulene” 1436 0.74 0.04 0.07
23 Germacrene D' 1466 19.36 0.97 1.99
24 Deriv.” of naphthalene® 1487 0.27 0.03 0.08
25 Unknown 1501 047 0.05 0.08
26 Derjv. of naphthalene” 1510 0.92 0.04 0.22

1
These numbers are the same numbers in Fig. 1.

ha

3’Umt s peak area %.

) - - -
Deriv. is derivative.
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means not detected or less than the peak area of 1.0x103.

)
:T&P means tentatively and positively identified by MS only and MS&RI, respectively.
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Fig. 2. Gas chromatograms of headspace volatiles in three
parts of Pinus densiflora by DIIA.
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Table 2. Volatile compounds identified from Pinus densiflora by dynamic headspace analysis

Peak no.” Compound RI Needle Sprout Twig
1 a PlneneP 921 -y - -
2 Camphene” 933 - - 0.02
3 P-Pinene” 962 0.02° 0.01 0.02
4 B-~Myrcene” 982 0.04 - 0.03
5 @ -Phellandrene” 987 5.48 0.44 0.49
6 a ~Terpinene 997 0.01 - -
7 Limonene 1013 - 0.01 0.01
8 7 —~Terpinene 1045 0.01 - -
9 Terpmolene 1073 8.74 023 0.6
10 (-)-Thujone” ) 1090 0.02 - 0.01
11 1-Methyl-4-(1-methylethyl)-2-cyclohexen-1- ol 1106 0.01 0.01 0.01
12 Borneol 1154 0.08 0.01 0.01
13 4- Methyl 1-(1-methylethyl)-3- cyclohexen-1-ol " 1165 0.68 0.82 0.36
14 Terpineol” 1181 0.06 - 0.01
15 4-(1,1- D1rneth¥_1ethyl) benzenemethanol® 1227 0.01 - 0.01
16 Bornyl acetate 1275 33.02 56.46 32.27
17 @- Cubel:)enf—:T 1336 16.81 21.69 3774
18 Copaene 1361 - - -
19 Long1[01ene 1385 - - -
20 B-Caryophyllene” 1401 - - -
21 Unknown ) 1411 - - -
22 @ ~Humulene® 1436 - - -
23 Germacrene D - 1466 - - -
24 Deriv.” of naphthalene’ 1487 - - -
25 Unknown ) 1501 - - -
26 Deriv. of naphthalene' 1510 - - -

1)
These numbers are the same numbers in Fig. 2.

T&P means tentatively and positively identified by MS only and MS&RI, respectively.

W _n

PUnit is peak area %.
Deriv. 1s derivative.

=" means not detected or less than the peak area of 1.0x103.
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Table 3. Comparisons of lerpene contents among headspace volatile compounds isolated from needles, sprouts and twigs by

SPMEY and DHA?

Pi MonOterpenes?’) Sesquiterpenes Oxygenated terpenes
e sourees SPME DHA SPME DHA SPME DHA
Needles 66.7" 143 268 -5 1.0 50.7
Sprouts 90.6 0.7 15 - 4.7 79.0
Twigs 0.6 1.2 44 - 3.7 704

USPME means solid phase microextraction.
))DHA means dynamic headspace analysis.
Varlous classes of compounds in volatile pine.
Unit is peak area %.
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